Received XX Month XXXX; revised XX Month, XXXX; accepted XX Month XXXX; posted XX Month XXXX (Doc. ID XXXXX); published XX Month XXXX LARSS, a 24 kg, suitcase-sized, CW-laser remote-sensing spectrometer with a ~2 km range has been developed. It demonstrated its flexibility in measuring both atmospheric CO2 from an airborne platform and terrestrial emission of CO2 from a remote mud-volcano, Bledug Kuwu, Indonesia from a ground-based sight. This system scans the CO2 absorption line with 20 discrete wavelengths as opposed to the typical two wavelength online offline instrument. This multi-wavelength approach offers an effective quality-control, bias-control and confidence-estimate of measured CO2 concentrations via spectral fitting. The simplicity, ruggedness and flexibility in the design allows for easy transportation, use on different platforms with quick setup in some of the most challenging climatic conditions. While more refinement is needed, the results represent a step-stone towards widespread use of active one-sided gas remote sensing in the Earth sciences.
Geological gases such as SO2 and CO2 being linked to subsurface processes are quantitative indicators of Earth's geochemical and geomechanical activity [1] [2] [3] [4] . Magmatic CO2, for instance, is a viable tracer of periods of volcanic unrest [5] [6] [7] . As a geological gas, volcanic CO2 is part of the global geochemical carbon cycle [8, 9] . Also part of this cycle is mud volcanism, a manifestation of liquefied sediments and gases reaching the surface due to overpressure and buoyancy [10] . To enhance our understanding of volcanoes and mud volcanoes and their significance within the carbon cycle, measuring their CO2 output is therefore imperative.
In-situ probing of CO2 is common [4, 11, 12] , but requires knowledge about vent location which may render emission measurements incomplete [7] . Many geological sources emit diffusively, making in-situ probing a lengthy procedure. Particularly near volcanoes and mud volcanoes in-situ measurements may be hazardous to personnel and equipment. In addition, many sites are located in remote and hard to reach areas.
Optical remote sensing offers a spatially comprehensive measurement with large spatial coverage, a safer measurement distance and increased timeliness of acquisition. Passive techniques have demonstrated this for decades [13, 14] . Active techniques allow more flexible acquisition geometries. By performing an angular scan, gas concentration profiles are attained, which can be used to compute fluxes. As single-ended, active remote sensors, LIDAR instruments based on differential absorption (DIAL) are particularly viable for that task. They acquire range resolved [15, 16] or path averaged [17, 18] CO2 concentrations, the latter using a topographic target (hard target) as backscatterer. Only recently, however, volcanic CO2 has successfully been measured using these techniques [18, 19] .
Remote sensing instruments for geological gas detection should be as rugged, compact and portable as possible. Technology has advanced sufficiently for DIAL-type instruments to be realized that fulfill these requirements [20, 21] . Yet, these instrumental platforms are still far from mature, but subject to intense research.
Our previous experience shows that inevitable wavelength dependencies of the transmittance of the instrument's optical components itself can make it demanding to differentiate between changes in the baseline due to actual gas absorption and parasitic changes due to non-stationary noise [22, 23] . A major contribution to this non-statistical noise is by interference fringes occurring at optical interfaces within the instrument itself. Furthermore, for shorter measurement ranges, where speckle integration over the telescope field of view is less efficient, hard target speckle contribute to non-random noise. Fig. 3 (a nd then mount Pilatus Porter P hatch. Telescop t) were mount rt flight on the 2 roach near the ci e variety of te O2 from vario faces and terra n and small bodi hown in Fig. 3 Fig. 4(a) 
